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The research project undertaken to prepare this 
.2'1 

thesis 
1 JJ ! 

involved the location of faint carbon stars along the Celestial I D'f 3.· 

Equator. The project was funded by the Ball state University 

Undergraduate Fellowship program. Before explaining the actual 

procedure used and the results obtained, some explanation is 

required. 

The celestial equator was the region scanned in this survey. 

The celestial equator is simply the earth's equator, extended into 

space. This gives the astronomical community a source of reference 

for the location of stellar objects. This system was developed 

because regardless of one's position on the earth, excluding the 

north and south poles, it is always possible to view objects on the 

celestial equator. Another commonly used system is the galactic 

coordinate system. The galactic equator lies along the plane of 

the galaxy, the portion of the sky known as the Milky Way. The 

galactic equator is tilted approximately 66 degrees to the 

celestial equator. This is important because the galactic and 

celestial equators intersect at only two points. For reasons 

explained below, it is at these two points that the greatest 

portion of the stars located were found. 

A star is basically a huge fusion reactor. Seventy-five 

percent of the matter in the universe is hydrogen. Stars use this 

element as their main source of fuel. The core of a star is hot 

enough to' combine hydrogen atoms into helium, then helium and 

hydrogen into heavier elements. The surface temperature of a star 

allows atoms or molecules to exist in various states. These 
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compounds form lines in the spectrum of the star. 
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These lines then 

allow identification of the star's temperature by division of the 

stars' spectra into spectral classes. 

This type of system groups together stars of similar 

temperatures and chemical make-up. The spectral classes are noted 

by letters. From the hottest to the coolest the range is: 0 B A 

F G K M. This seems awkward until the history of the system is 

known. Originally, the system of spectral classification placed 

stars into categories based solely upon the strengths of their 

hydrogen lines. The letters used ran alphabetically from A to P. 

Later it was shown that the strengths of these lines depended upon 

the temperature of the star. Many of the previous classifications 

were deleted, the remaining were reordered into the above sequence 

of temperature. 0 stars, the hottest known, have temperatures 

between 35,000 Kelvins and 50,000 Kelvins. M stars have 

temperatures of about 3000 Kelvins. stars in the M and K ranges 

are considered 'cool'. 

A cool star is any star with a temperature lower than 8000 

Kelvins. This temperature is chosen because this is the point at 

which hydrogen becomes fully ionized. A star with a temperature 

of greater than 8000 Kelvins has an outer layer of ionized 

hydrogen, with an inner core of convective matter. (See figure 1) 

These types of stars then transport energy through the outer layers 

by radiative diffusion and the convective currents never bring core 

material to the surface. However, in stars with surface 

temperatures less than 8000 Kelvins, the outer layers are not hot 
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enough to ionize hydrogen and helium. 
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Therefore, these layers do 

not radiate energy by radiative diffusion. The surface layers 

have convective currents that continuously bring material up from 

the center of the star. The cooler the star is, the smaller this 

central radiative core will be, leaving more material to be 

involved in the convective process. It is this radiative core that 

provides most of the light we see form the star. This 'white 

light' produces a continuous spectrum when passed through a prism. 

It is well established that each atom and molecule has a particular 

spectral line pattern associated with it. When a low density gas, 

like those found in stars, is heated or found in an excited state, 

the emitted light may be passed through a prism or a grating to 

reveal this pattern. Normally the lines appear bright on a dark 

background; But, because the stellar interior emits a continuous 

spectrum at a higher temperature, the lines appear dark against 

this bright background. This is called an absorption spectrum. 

Since each pattern is unique to one element, any element present 

may be readily identified by comparing the lines in the spectrum 

to the line patterns of elements with well established band 

patterns. 

After the low mass, cool star has begun to synthesize heavier 

elements, like carbon, nitrogen and oxygen, convective currents 

begin to bring these elements to the surface of the star. Once 

these elements reach the surface they begin to bond and form 

molecules. Here the temperature of the star is a major factor. 

If the star is too hot, the molecules cannot form because the 
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kinetic energy of the atoms exceeds the bonding energies. If the 

surface temperature is low enough, molecules begin to form. One 

of the most stable molecules is CO, carbon-monoxide. This is one 

of the first to form because of its stability. However, carbon

monoxide does not have any bands in the visible spectrum, and is 

not easily detectable. The carbon and oxygen atoms pair up as much 

as possible, the element that is in excess remains to form other 

molecules. The other molecules formed are then used as 

identifiers. Normally oxygen is 50% to 100% more abundant than 

carbon in a given star. If the element in excess is oxygen, that 

is, the carbon to oxygen ratio is less than one, the excess oxygen 

bonds with the element titanium to form titanium-oxide, TiO. These 

molecules are used to identify M stars. The M star is by far the 

most common type of cool star. If the oxygen holds only a slight 

advantage it bonds with zirconium to form zirconium-oxide, ZrO. 

These stars are called s-type stars, the S denoting the presence 

of elements formed by the slow neutron capture process of nuclear 

physics. If the carbon to oxygen ratio is greater than one, all 

of the oxygen is used up in the CO formation. The remaining carbon 

then bonds with nitrogen to form cyanogen, CN, or with other carbon 

to form carbon molecules, C2 • These stars are known as C stars. 

There is a continuum here: M - MS - S - sc - C. A star may fall 

anywhere along this continuum. 

So what then, is a carbon star? A carbon star is a cool giant 

star with a carbon to oxygen ratio of more than one. The carbon 

star is an advanced evolutionary state of a low mass star. A low 
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mass star is a star that has between .5 and 3 times the mass of the 

sun. stars begin their lives occupying what is known as the main

sequence. (see figure 2) A star maintains its form through 

hydrostatic equilibrium. This simply means that the internal 

pressure of the star is great enough to balance the external 

gravi tational forces that try to make the star collapse. this 

internal pressure is caused by the molecules in a star colliding 

wi th one another. The more molecules present, the greater the 

pressure. As the star fuses hydrogen into helium it uses four 

hydrogen atoms to create one helium atom. This reduces the number 

of atoms present to one-fourth the original number. The core 

contracts because there is no longer enough pressure to keep it at 

its original size. When all the hydrogen is used up there is no 

more energy available in the core, so it collapses. As the core 

collapses it heats up and causes the outer layers to expand. This 

type of star is known as a giant star. All low to moderate mass 

stars evolve into giant stars. The carbon star is one particular 

step in the evolution of some giant stars. studying these stars 

gives astronomers an idea of possible evolutionary paths for other 

stars. Thus, the carbon stars are important as an observable stage 

which may be used to test theories of stellar evolution. 

Locating carbon stars involves finding spectra of stars with 

a carbon molecule signature. To identify these spectra, a 

permanent record of the spectra was made on photographic plates. 

Twenty-four photographic plates of stellar spectra were used to 

identify stars with carbon molecules in their atmospheres. The 
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plates used were exposed at Kitt Peak National and Cerro Tololo 

Inter-American Observatories. To produce spectral images, a prism 

is placed in front of the telescope to disperse the incoming light. 

The telescopes used were identical. Each had a 24 inch aperture 

with a 36 inch mirror to focus the incoming light. This type of 

telescope is used to obtain a wide field of view. Each plate 

covers an area five degrees on an edge, hence twenty-five square 

degrees per plate for a total of 600 square degrees surveyed. The 

plates were then scanned using a microscope to enlarge the spectra. 

The band patterns located were indicative of CN and C2 ; each has a 

very distinct banding pattern. After preliminary identification, 

the carbon star images were marked on direct plates of the 

corresponding areas. A direct plate is made by removing the prism 

from the front of the telescope and taking an image of the star 

field. 

From these direct plates positions were approximated by using 

transparent overlays. The star's positions were then measured with 

a high precision bitpad. This device measures distances to within 

a fraction of a millimeter. The positions of the carbon stars, as 

well as positions for SAO catalogue positional standard stars, were 

measured. This data was then transferred to a data reduction 

program that uses the known equatorial positions of the standard 

stars, their bitpad measurements, and the bitpad measurements of 

the carbon stars to generate the equatorial positions of the carbon 

stars. 

To verify the positions and magnitudes found for these carbon 
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stars, the Warner-Swasey Catalogue of Cool Carbon Stars (CCCS) was 

consulted. The stars in this catalogue have well established 

positions, correct to within one arcsecond. An arcsecond is 1/3600 

degrees. By comparing the positions listed in this catalogue to 

the positions computed from the bitpad measurements, it was 

possible to gauge the accuracy of the computed positions. It was 

found that of the thirty carbon stars located, twenty agreed with 

established carbon star positions within reasonable limits of 

accuracy. This gives a method to check the accuracy of the 

results, as well as some insights into possible errors in the 

survey. 

The mean errors of the computed positions for standard stars 

was found to be approximately 3-4 arcseconds. positions for carbon 

stars having corresponding stars in the CCCS had mean absolute 

differences of 4.5 arcseconds. Since the mean errors of the CCCS 

positions are about one arcsecond, one can conclude that the mean 

errors in the positions of our carbon stars are 3-4 arcseconds 

also. 

The stars that had no previous identification as carbon stars 

require some further explanation. There are several reasons that 

these stars may not have been found before. The first is the 

limiting magnitude problem. All surveys have a limiting range of 

magni tudes, star brightnesses, that may be detected. Any star 

outside these limits is either overexposed, if too bright, or 

underexposed, if too dim. Overexposed spectra blur and lose 

resolution, making spectral features impossible to identify. 
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underexposed spectra are too faint to be easily scanned. Many of 

the stars located were likely too faint to be discerned by the 

CCCS. The brightness limit of identifiable carbon star spectra 

corresponds to about visual magnitude 11 for the CCCS. The survey 

undertaken here dealt primarily with stars dimmer than this. Hence 

these stars may have been overlooked because their spectra were 

underexposed. A second explanation is the search area problem. 

Since carbon stars are rare, only a few thousand are known of the 

billions of stars in our galaxy, when searching for them it is 

wise to look. in locations likely to reveal these stars. Since the 

density of stars in the sky is highest along the Galactic Equator, 

one can observe more stars at a time and increase the chances of 

finding carbon stars. Most of the surveys compiled in the CCCS are 

of these areas. Many of the stars found in this survey that had 

no corresponding star in the CCCS are located away from the 

Galactic Equator. Here they are likely to be in unsurveyed areas 

of the sky. The third possible explanation is detailed in the CCCS 

itself. The surveys used for this compilation come from a 

multitude of sources. The spectra scanned represent many different 

portions of the full spectrum of light. The authors indicated that 

a star appearing to be a carbon star in one portion of the spectrum 

did not appear to be a carbon star when viewed in another portion. 

These stars were omitted from the catalogue. The missing stars 

found in this survey, particularly those found near the galactic 

equator, may be of this type. 

To insure the correctness of the identified stars that do not 
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have corresponding stars in the CCCS a future project presents 

itself. Since there are only ten stars of this type, a high

resolution spectrum could be made of each of these stars. From 

these spectra it would be possible to positively identify the star 

as a cafbon, or non-carbon star. 

In the catalogue shown in Table I the located stars are listed 

by their celestial coordinates. The Catalogue of Cool Carbon Stars 

number, where applicable, is listed in the last column. A dash (

) in this column indicated no matching star was identified in the 

CCCS. 
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Table I. Catalogue of Carbon stars 

================================================================= 

position (1950) 
Right Ascen. Declination 

3 52 
5 42 
5 51 
5 53 
6 40 
6 40 
6 41 
6 41 
6 43 
6 44 
6 44 
6 45 
6 48 
6 49 
6 49 
6 50 
6 55 
7 47 
7 55 

10 46 
10 46 
14 27 
18 35 
18 39 
18 41 
18 43 
18 44 
19 29 
22 31 
22 41 

29.9 
56.2 
40.5 
35.4 
13.9 
50.6 
8.0 

42.7 
7.5 

29.0 
42.1 
1.3 
4.6 

25.1 
28.3 
55.8 
3.4 

17.3 
10.0 
41.6 
57.7 
18.5 
6.0 

16.4 
25.5 
48 
19.2 
48.1 
14.9 
26.3 

1 28 14 
1 11 50 
1 05 02 

-1 38 51 
-1 09 37 
-1 20 33 
-2 18 31 

1 58 8 
-0 22 34 
o 38 46 
o 17 6 
o 44 16 
o 31 34 
o 11 55 

-1 58 11 
1 31 36 

-1 23 19 
-2 15 55 
-0 32 58 

1 39 22 
-1 4 50 
o 54 55 
1 55 10 
1 18 5 
o 0 11 
2 35 
1 1 42 

-0 17 38 
2 51 24 
1 28 54 

Mv 

11.9 
12.4 
11.0 
9.7 

10.9 
12.5 
11.5 
12.3 
12.6 
12.6 
11.2 
9.7 

13.1 
11.8 
12.4 
12.2 
11.5 
11.1 
8.9 

10.5 
10.5 
11.5 
14.6 
12.6 
13.7 
13.3 
14.4 
14.1 
10.1 
10.5 

cccs# 

1101 
1117 
1365 
1371 
1374 
1376 
1386 
1395 
1400 
1401 
1424 
1437 
1440 
1456 
1486 

1960 

4058 

** 
4106 
4320 

5709 
================================================================= 

* * This star had no image on the direct plate. When the plate was 
exposed the star's image lay in the sensitometer pattern on the 
plate. The position and magnitude were estimated from the spectrum 
on the objective prism plate. 
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Figure 2: Hertzsprung-Russell Diagram 

The evolutionary tracks for stars that may become carbon stars 
are highlighted in red. Note that the temperature of the stars 
decrease, while the amount of light given off, the luminosity, 
increases. The main sequence marked here clearly indicates that 
generally, the hotter a star is, the more luminous the star is. 
The trails marked go against this, the explanation is that the 
stars has gained in size, and that is why more light is given off. 
These are termed giant stars. 
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